
VI. -- STATE-OF-THE-ART - OF ULTRASONIC METHODS FOR WELDS 

The e s s e n t i a l s  of  t h e  convent iona l  a n g l e  beam weld i n t e r r o g a t i o n  method 

are  shown i n  Figure 42a. 

l a r  t o  t h e  cen te r  l i n e  o f  t h e  weld w i l l  p rovide  an i n t e r r o g a t i o n  of  any ver t ica l  

c r o s s  s e c t i o n  of  t h e  weldment. The t r ansduce r  is a l s o  indexed i n t o  t h e  p l ane  

o f  t h e  paper t o  provide  a volumet r ic  i n t e r r o g a t i o n .  

i s  performed i n  t h e  h e a t - a f f e c t e d  zone t o  be assured  t h a t  laminar  t ype  flaws do 

n o t  prevent  t h e  ang le  beam from e n t e r i n g  t h e  weldment. The s t r a i g h t  beam is a l s o  

used t o  i n t e r r o g a t e  t h e  weldment whenever t h e  weld crown i s  s u f f i c i e n t l y  smooth. 

However, t h e  roughness and contour  of  t h e  crown g e n e r a l l y  prec ludes  such an i n t e r -  

roga t ion  by a s t r a i g h t  beam. 

i r i t e r r o g a t j  on. 

Appropriate  t r ansduce r  motion i n  a d i r e c t i o n  perpendicu-  

S t r a i g h t  beam i n t e r r o g a t i o n  

F igure  42b,shows a weld des ign  t h a t  a l lows  such an 

The o r i e n t a t i o n  of  t h e  flaw with r e s p e c t  t o  t h e  i n t e r r o g a t i n g  beam was 

r e s p o n s i b l e  f o r  t h e  cons ide ra t ion  o f  changes i n  t h e  u se  o f  t h e  s i n g l e  t r ansduce r .  

As we have seen 3 flaw o r i e n t e d  n e a r l y  normal t o  t h e  i n s p e c t i o n  s u r f a c e  i s  t o t a l l y  

dependent upon flaw s u r f a c e  roughness and contour  f o r  d e t e c t i o n ;  t h e r e  i s  essen-  

t i a l l y  a zero p r o b a b i l i t y  of  d e t e c t i o n  f o r  such an i d e a l l y  f l a t  and smooth p l a n a r  

f law.  S ince  t h e s e  f laws  a r e  t y p i f i e d  by c racks  and lack of f u s i o n ,  t h e  c r i t i c a l i t y  

involved n e c e s s i t a t e d  a change i n  t h e  weld i n t e r r o g a t i o n  procedure.  

a t t empt s  were due t o  Lack ' 3 3 )  and c o n s i s t e d  o f  us ing  t h e  p i t c h - c a t c h  arrangement 

shown i n  F igure  43. The procedure d i d  p r e s e n t  i nc reased  d e t e c t i o n  f o r  nea r ly-  

normal c r acks ;  however, t h e r e  was a decided l ack  of  q u a n t i t a t i v e  a b i l i t y .  The 

procedure i s  b e s t  f o r  f laws  much l a r g e r  t han  t h e  beam a t  t h e  d e t e c t i o n  p l ane .  For 

t h e  s i t u a t i o n  where a n e a r l y  v e r t i c a l  flaw breaks  t h e  s u r f a c e ,  t h e  procedure can 

be use fu l  t o  e s t i m a t e  t h e  depth of t h e  i n t e r i o r  t i p  of  t h e  f law.  The procedure 

:involve?; vary ing  t h e  beam angle  u n t i l  a s p e c i f i e d  ampli tude d i f f e r e n c e  i s  noted.  

The i n i t i a l  

By using geometr ic  deduct ions ,  t h e  depth o f  t h e  c rack  may be ob ta ined .  (51,541 

Lack(33) arid Sproule  (32) o f  England, were t h e  f i r s t  t o  propose t h e  

double t r ansduce r  o r  tandem arrangement o f  F igure  15. This t r ansduce r  a r range-  

ment cont inues  t o  be used cx t ens ive ly  i n  Europe, o r  f o r  t h a t  m a t t e r ,  everywhere 
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Figure 42 - U l t r a s o n i c  i n t e r r o g a t i o n  of weldments by both s t r a i g h t  and 
angle  beams. 

- 74 - 



Figure 43  - One of the initial double transducer arrangement for weld interrogation. 
After Lack (33). 



except in the United States. Other multiple transducer arrangements are 

shown in Figure 4 4 .  In each of these situations an attempt is being made 
to minimize the influence of flaw orientation. 

An ndditioiial complication is presented when a cladded surface is 
rised. Cladding is used extensively in the nuclear power generating industry 

to protect ferritic components in a high temperature environment. Hedden (55) 
h a s  indicated that the reflection qualities are greatly affected by the 
c l a d d d  surface;  see Figure 4 5 .  In this display, the amplitude of the re- 
flectc,ll u l t r a s o u n d  from a l8Omm thick plate is shown. The amplitude scan 

W < i G  p;oduced b y  a pair of 2% MHz transducers operating in the pitch-catch 

~nocle. It appears that even grinding can, at best, reduce the initial 12 db 
noise level down to a 6 db level. Mayer ( 5 6 )  suggests that this effect can 

be ininimized by  the choice of the cladding process --i.e., band cladding has 
a lower scattering effect upon the incident ultrasound than manual cladding 

with ul 2ctrtdes. 

Autoniatic ultrasonic scanning systems have been in use in some form 
essentially since the advent of the ultrasonic method. Such systems are of 

particulai interest and need for the required periodic in-service inspections 

O F  nuclear power plants for a number of reasons. The obvious need is generated 

by the radiation levels involved. Also, the gargantuan amount of data that 

must be  recorded and analyzed suggests the need for computerized storage 

f a c j l i t i e s .  Another reason is found in the need for reproducibility of data, 
e . g , ,  the elimination of the human element. A l s o ,  from the standpoint of 
economics, t h c  akitomated systems can reduce the inspection time. The function 
or the  in-service inspections is primarily two fold - i.e., detection of flaws 
as well dS a m a n s  of monitoring their growth. If one assumes that produc- 
tion and  preservice inspections have eliminated all initial rejectable flaws, then 

the in-service inspections are concerned with the smaller or subcritical flaw 

content-. I t  is the latter that constitutes the more exacting demands for the 

automated Ultrasonic systems. Any growth of flaws must be accurately detailed 
from the standpoint of cbanges in position coordinates to disclose changes in 
flaw size, position and orientation. 

. 
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Figure  35 - Amplitude response  scans  from c lad  s u r f a c e s .  Transducers 
were i n  a p i t c h  - c a t c h  arrangement.  Af t e r  Hedden (55) .  
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O n e  of t h e  common f e a t u r e s  of t h e  automated systems i s  a means f o r  

r a p i d  preprogrammed mechanical  t r a n s l a t i o n  of t h e  head c o n t a i n i n g  t h e  t r a n s-  

d u c e r ( s ) .  

s o p h i s t i c a t e d  and appear t o  b e  capab le  of performing t h e i r  r e q u i r e d  f u n c t i o n .  

Most systens scan  a t  a p r e s c r i b e d  rate  u n t i l  a r e c o r d a b l e  i n d i c a t i o n  i s  

noted;  t h e  scan  i s  then  e i t h e r  slowed down o r  t h e  record ing  p rocess  i s  speeded 

uy:. T h e  r e c o r d i n g  d e v i c e s  used have r u n  t h e  gamut from d i g i t a l  r e a d o u t s ,  

f a c s i m i l y  d i s p l a y s  and r e g i o n a l  o r  mapped d i s p l a y s .  Moreover, many systems 

have p r o v i s i o n s  f o r  t h e  o p e r a t o r  t o  o v e r r i d e  t h e  au tomat ic  scanning t o  pro- 

v i d e  f u r t h e r  e x p l o r a t o r y  d a t a  by us ing  d i f f e r e n t  beam e n t r y  a n g l e s  and s e n s i-  

t i v i t i e s  i n  t h e  v i c i n i t y  of a n  i n d i c a t i o n .  I n  t h i s  manner, more c o l l a b o r a t i v e  

d a t a  i s  ob ta ined  f o r  i n t e r p r e t a t i o n  purposes .  A number of t h e  systems have 

t-elcAvision cameras t o  monitor t h e  motion of t h e  t r a n s d u c e r  head. 

The means of performing t h e  necessa ry  t r a n s l a t i o n  are q u i t e  

The l i t e r a t u r e  i n d i c a t e s  a g e n e r a l  f a s c i n a t i o n  w i t h  t h e  mechanical ,  

e l e c t r o n i c s  and d i s p l a y  components of t h e  system. They are d e s c r i b e d  i n  g r e a t  

: l e t a i l ;  however, ve ry  l i t t l e  mention i s  made of t h e  i n t e r p r e t a t i o n  of  t h e  u l t r a -  

s o n i c  f i n d i n g s ,  nor  i s  t h e r e  any assessment of t h e  a b i l i t i e s  of  t h e  u l t r a s o n i c  

p o r t i o n  of t h e  system. Do t h e  systems perform t h e i r  d e s i g n  miss ion? What a r e  

t h k i r  s t r o n g  p o i n t s  o r  t h e i r  weak p o i n t s ?  There i s  no v e r i f i c a t i o n  of t h e s e  

n o t i o n s .  I t  i s  reasonab le  t o  assume t h a t  t h e s e  q u e s t i o n s  have been addressed -- o r  

have they? Perhaps  t h e  l a c k  of  in format ion  i s  a matter o f  company p r o p r i e t a r y  po l icy!  

In t h e  fo l lowing ,  t h e  s t a t u s  of t h e  major problem areas of weld i n t e r -  

r n g a r i ~ > n  w i l l  b e  p resen ted  and analyzed.  

1 e I n t e r r i J t i o n  S tandards  

There are a v a r i e t y  of r e f e r e n c e  r e f l e c t o r s  t h a t  can be  used t o  e s t a b l i s h  

t h e  i n t e r r o g a t i o n  s e n s i t i v i t y .  

notc:hes (30' and 60 >, s i d e  d r i l l e d  h o l e s  and f l a t  bottom h o l e s .  

demonstrated t h a t  the r e f l e c t i o n s  from no tches  are very s e n s i t i v e  t o  notch 

shape,  u l t r a s o n i c  frequency and t h e  ang le  of inc idence  of t h e  u l t rasound .  
!57-5Y) 

The more common ones  are  r e c t a n g u l a r  and vee 
0 It  h a s  been 

Figure  46 presents some t y p i c a l  r e s u l t s  and a l s o  i n d i c a t e s  
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the influence of the thickness of the material being interrogated. Often 

material specifications do not rigidly indicate these parameters. Therefore, the 

rejection level can vary by an order of magnitude between two calibrations 
performed in accordance with the same specification. However, the main 
difficulty with the use of notches is that they cannot be reliably produced. 

For this reason, the side drilled hole has a decided advantage. (60) It is 
comparatively easy to produce and is insensitive to changes in the angle of 

incidence for the ultrasound. For those situations where a side drilled 
hole  is not allowable, an external block containing the side drilled hole(s) 

is used. 

To take into consideration flaw distance, an experimentally derived 
distance-amplitude-correction curve (DAC) is used. Figure 47 illustrates 

Lhe generation of the DAG curve. The distance-amplitude response for any 

comhination of material and transducer is sought by noting the amplitude from 

s i d e  drilled holes located at a variety of path lengths. The resulting DAC 

curve i s  drawn on the operator's oscilloscope face to facilitate the dis- 
position of any noted indications. For example, any indication whose amp- 
litude is above the DAC curve may be cause for further investigation or out- 

right rejection. The DAG curve is usually established using a block of 

inaterial "acoustically similar" to the base material of the welded structure. 

However, no mention is made of how one establishes the acoustically similar 

condition. 

means such that the amplitude from the side drilled hole is constant over the 
total distance involved. (61) 

the use of conventional DAC curve. First, the DAC curve is only valid for a 

uniform material and not for the bimetallic structure of a weld system. In 
the latter, the base material and weldment present two distinct attenuation 
coefficients. Second, the DAC curve is used to monitor the amplitude 

response from reflectors of any shape at any given distance. Since the 
distance dependency is a function of the shape of the reflector, the 
amplitude from reflectors of all shapes cannot be measured in terms of a 
particular reflector. 

The decreasing DAC curve may also be compensated by electronic 

There are two main problems associated with 
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Figure 48 illustrates the situation where two identical flaws are 
located at the same path length from the transducer and according to the 

PAC curve should result in the same detected amplitude. 

higher weldment attenuation encountered in distance D during the detection 
of the number 2 flaw would result in much less observed amplitude. Therefore, 

the DAG curve is invalid when the attenuation of the weldment is significantly 

greater than  the attenuation of the base material. Since the latter is 

definitely the rule, one can question the concept of the DAC standard. To 
appreciate the order of magnitude of the error, consider Figures 49 and 50. 
In Figure 49 the equi-amplitude lines of the ultrasound available for detec- 

t ion  is shown for the case when the attenuations for the weldment and base 

material are equal. The attenuation is representative of mild steel. It 
should be noted that both identical flaws 1 and 2 would result in the same 

detected amplitude and that the same flaw located at position 3 would result 
in a greater detected amplitude. Both of the latter events can be expected 
S ~ R W  the detection process is distance dependent. However, as the attenua- 

tion of the weldment exceeds that of the base material the equi-amplitude 

lfnes become oriented parallel to the weldment/base material interface on the 

ultrasound source side; see Figure 50. The detected amplitude is no longer 

soie1.y distance dependent. As indicated by horizontal amplitude sampling at 
the top of the weld, the amplitude difference can amount to a factor of 3 when 
the attenuation difference is approximately 40:l. The latter was the case for 
a n  inconelfsteel weldment of a naval nuclear reactor. 

However, the added 

~ 

(62) 

These notions were examined experimentally by the use of the block shown 

in Figure 51 
of ultrasound from surfaces just prior and after the weldment/base material 

as well as from a surface well within the weldment were examined; each time . 
the ultrasound impinged upon the surfaces at normal incidence. 
are shown in Figure 52.  

significant. Moreover, it was found that it was possible to predict the de- 

crease in amplitude from the exponential decay formulization of attenuation. 

of the inconel/steel weld system of Reference 6 2 .  The amplitude 

The results 

A s  indicated, the influence of attenuation can be 
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Figure 47 - Typical  procedure f o r  gene ra t ing  t h e  dis tance- ampli tude-  
c o r r e c t i o n  curve (DAC). After Serabian ( 6 2 ) .  

Figure 48 - Inf luence  of t h e  h igher  weldment a t t e n u a t i o n .  The flaw a t  
p o s i t i o n  2 would be  noted as a smaller ampli tude because 
of i t s  greater d i s t a n c e  (D) i n  t h e  weldment. Af t e r  Serabian ( 6 2 ) .  
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EQUIAMPLITUDE LINES. 

Figure 49 - Ultrasonic amplitude field available in the weldment 
for flaw detection when the attenuations in t h e  base 
and weldment materials are equal. After Serabian (62). 
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Figure 50 - Ultrasonic amplitude fields available in the weldment .ur flaw 

The weld system is steel/inconel and the inter- 
detection as a function of the ratio of weldment to base material 
attenuations. 
rogation is from the steel side. After Serabian ( 6 2 ) .  
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Figure 51 - Specimen used to examine 
the amplitude of ultrasound a t  
selected planes within the weld 
system. After Serabian (62). 

1 2  3 

2 

Figure 52 - The amplitudes of ultrasound noted at the cut surfaces of the 
specimen of Figure 51. After Serahian (62). 

- 86 - 



The initial corrective measures to eliminate the deficiency of the DAC 

curve produced by attenuation effects consisted of correcting the DAC curve to 
conform to the weldment attenuation. The ASME Boiler & Pressure Vessel Code 

was one of the first to adopt this concept; however, it was eliminated 
because no feasible method was found to make the amplitude transfer of the DAG from 
the base material to the weldment attenuation. The attempts to derive the so- 

called "transfer mechanism" did not consider the more basic concepts of 

attenuation. Such activities were relegated to crude quantitative reason- 
ing, thus it is not surprising that it was dropped from the code requirements. 

One can question the basic reasoning of using an attenuation transfer mech- 
anism t o  correct the DAC curve. This notion can be illustrated with Figure 

5 3 .  When the attenuation of the weldment and base material are equal, the 

amplitude detected at the interrogating transducer from a flaw located at 
p o i n t  P may be formulated as 

where A. 

faces and such flaw characteristics as size, orientation, contour and surface 
roughness; Ig and 1 are the path lengths traversed by the ultrasound in 

the base material and weldment, respectively. For the actual situation when 
the attenuation of the weldments greatly exceeds the base material attenuation, 

the detected amplitude is reduced and is given by: 

is indicative, of any losses at the weldmentlbase material inter- 

W 

-(2a 1 +2%\) A' = Aoe w w 
P 
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and a are the attenuations in the weldment and base material, 
The reduction in amplitude in terms of the base material DAC 

O"W b where 
respectively. 

is 

In order to use the base material DAC curve it is necessary to multiply 

the noted amplitude by a correction factor (C ) given by: a 

It is apparent that the correction is due to the difference in the atten- 
uations involved as well as path length the ultrasound traveled in the weld- 
ment. Therefore, going to a DAC curve based on the weldment attenuation 

does not relieve this dilemma. 

correction within the weldment to the base material DAC curve. 
the use of an on-line computer to provide the necessary correction. 

computers are available, relatively inexpensive and worthy of consideration. 
This would assume that the weldment attenuation can be measured. Techniques 

for measuring attenuation are well documented and can be incorporated into 

existing weld interrogation procedures with a modest developmental effort. 

In essence, one must provide a point by point 
This suggests 

Such 

( 6 3 , 6 4 , 6 5 )  

Consider now the problem of evaluating a reflector of a different shape 
from the cylindrical reflector used to generate a working DAC curve for a 

particular interrogation situation. TABLE 111 indicates the theoretical reflected 
amplitude for a number of reflectors by a transducer with an area (a ) while 

operating at a given wavelength (A) and distance ( s ) .  (66) The reflectors 
chosen typify most of the natural flaws encountered. The third 

column of TABLE 111 lists the amplitudes from these reflectors i n  terms of 

the reflected amplitude from a cylindrical hole. It is significant to note 
that such amplitude ratios are all sensitive to distance and for the planar 

r 
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Figure 53 - Am litude considerations for the eneration of the weldment. 
atrenuation correction factor (Q 7. After Serabian (62). 

Ref 1 ector Di stance 

Figure 54 - The DAC curve as generated by side drilled holes underestimates the 
size of planar reflectors a t  large distances. After Serabian (62). 
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TABLE I11 

AMPLITUDE CONSIDERATIONS FOR VARIOUS REFLECTORS 

REFLECTED 
TYPE OF REFLECTOR AMPLITUDE 

CYLINDER 

PLANAR 

SPHERE 

S 
S T R I P  OF WIDTH R 

a - receiver area 

d - cylinder diameter 

d - disc  diameter 

d - sphere diameter 

S - flaw distance i n  far f i e l d  

X - wave length 

A - amplitude response 

r 

C 

P 

S 

a d2 -2aS 
rp 
x2s2 e 

arLs - 2 a ~  - 
3 3  e A S  

A(REFLECT0R) 
A0 

c. 

‘S 53/2 
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and strip reflectors there is also a wavelength sensitivity present. 
fore, one cannot quantitatively monitor the amplitude from any reflector with 
a DAC curve generated by a reference cylindrical reflector. 
this i s  illustrated in Figure 54. It can be seen that the distance depend- 
ency can produce a much smaller detected amplitude from a planar reflector. 

'Therefore, a critical size flaw would be underestimated when it is located 

a t  a large distance. 

There- 

The impact of 

2. Influence of Weld Geometry 

A major problem involved in weld interrogation is the geometry of a 
welded joint. As indicated in Figure 5 5 ,  the crown can limit the transducer 
motion. If the attenuation of the weld is excessive, a complete V pulse 
cannot be considered, thus, the extent of the weldment that can be interrogated 

i s  limited. The latter is the case for some stainless steel weldments. 

Another weld geometry aspect is the practice of counterboring on the 

inside diameter of pipe welds to improve the weld joint fitup. Figure 56 

depicts this situation for a typical taper of 14 . The resulting taper pro- 
duces a longitudinal wave by mode conversion. The interaction of the longi- 

tudinal wave with the relatively rough crown surface can produce extraneous 
reflections. Since the velocity of the longitudinal wave is approximately 

twice that of the shear wave one cannot differentiate the real shear wave 
indications from such extraneous reflections. The end effect is that the 

interrogation can produce misleading spurious indications. 

be further compounded by a lack of information about the location of the taper 
and t h e  taper angle. The obvious solution to the counterbore problem is to 
increase the length of the counterbore such that the interrogating shear 
wave t r a v e l s  through a uniform material thjckness. 

( 6 7 )  

0 

The problem can 
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Area Covered \ by SO0 Shear 
Only 

Figure  55 - The need for V-path scanning due to a limited coverage 
caused by a large weld crown. From reference 67. 

Figure 56 - A schematic representation showing how an ultrasonic shear 
wave ( S )  can interact with the counterbore chamfer to produce 
shear wave (S) and longitudinal (L) wave components. From 
reference 67. 
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3. Acoust ic  Anisotropy i n  Weldments 

Weldments as t y p i f i e d  by some incone l s  and s t a i n l e s s  steels have a 

course  g r a i n  d e n d r i t i c  s t r u c t u r e .  These g r a i n s  tend t o  grow p r e f e r e n t i a l l y  

i n  t h e  weld-pass and weld-metal b u i l d  up d i r e c t i o n s .  

weld th i ckness ,  d e n d r i t e s  up t o  lOmm i n  l eng th  and l m m  a c r o s s  have been 

observed. Such m i c r o s t r u c t u r e  r e s u l t s  i n  a c o u s t i c a l  an i so t ropy ,  unusual ly  

high a t t e n u a t i o n ,  low u l t r a s o n i c  s i g n a l  t o  n o i s e  r a t i o ,  and t h e  gene ra t ion  

of spu r ious  i n d i c a t i o n s  which cannot  be i d e n t i f i e d  as emmanating from a c t u a l  

f l a w s  or specimen geometry. (18'19'68) 

d ica t ed  t h a t  t h e  hea t- af fec ted  zone of a u s t e n i t i c  s teel  welds can a l s o  be  

h ighly  a n i s o t r o p i c  and noisy .  This  f u r t h e r  compounds t h e  i n t e r r o g a t i o n  

problem. The i n t e r r o g a t i o n  of such materials has  been beseiged by many 

d i f f i c u l t i e s  which are perhaps b e s t  summarized by one ind iv idua l .  H e  d e s c r i b e s  

the  perp lex ing  problem f o r  s t a i n l e s s  s teel  i n  t h e  fo l lowing  manner, "sometimes 

w e  can i n s p e c t  s t a i n l e s s  s teel  welds very  e a s i l y ,  sometimes w e  cannot i n s p e c t  

s t a i n l e s s  s tee l  a t  a l l ,  and sometimes w e  cannot a s c e r t a i n  t h a t  w e  have ( indeed)  

inspec ted  s t a i n l e s s  s t ee l  welds". (67) This  problem has  a t t r a c t e d  t h e  a t t e n-  

t i o n  of many i n v e s t i g a t o r s ,  which i s  a measure of i t s  importance and urgency. 

Depending upon t h e  

G. Herberg, e t  a l ,  (69 )  have in -  

The a c o u s t i c  an i so t ropy  can be desc r ibed  i n  t e r m s  of v e l o c i t y  and a t t e n-  

ua t ion .  

s tee l .  They used t h e  specimen ind ica t ed  i n  F igure  57; x-ray d i f f r a c t i o n  

d i sc losed  p r e f e r r e d  o r i e n t a t i o n ,  predominately i n  t h e  Y and Z d i r e c t i o n s .  

A s  d i sp layed  i n  F igure  58, t h e  l o n g i t u d i n a l  wave v e l o c i t i e s  i n  t h e  t h r e e  

i nd ica t ed  d i r e c t i o n s  showed ve ry  l i t t l e  d i f f e r e n c e s .  However, t h e r e  were 

app rec i ab l e  shear  wave v e l o c i t y  d i f f e r e n c e s  and a s t r o n g  dependence on t h e  

p o l a r i z a t i o n  angle ;  see Figure  59. The f a c t  t h a t  both f a s t  and slow shear  

waves e x i s t s  is  i n d i c a t i v e  of a p r e f e r r e d  t e x t u r e  o r  o r i e n t a t i o n .  It is  s ig-  

n i f i c a n t  t o  no te  t h a t  t h e  average v e l o c i t y  is e s s e n t i a l l y  cons t an t  and approaches 

the shear  wave v e l o c i t y  of a randomly o r i e n t e d  g r a i n  s t r u c t u r e .  

Keupperman and Reimann (I8) d e s c r i b e  such a s tudy  i n  308 s t a i n l e s s  

0 The u s u a l  e n t r y  ang le  f o r  a n g l e  beam i n t e r r o g a t i o n  is e i t h e r  45 o r  60 from 

t h e  p r i n c i p a l  axes  of t he  weldment shown i n  F igu re  57. Therefore,  t h e  prop- 
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38mm 

Figure 57 - Weld-metal coupon used by Kupperman and Reimann (18) to 
obtain acoustic properties of 308 ss. 
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direction [ 106mrn I-' (+ 0.02)l strength' 
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Figure 58 - Velocity of longitudinal waves in 308 ss weldment. After 
Kupperman and Reimann (18). 
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a, S - strong; M - moderate; W - weak. 

b, A weak signal from both shear waves was Pvident. 

Figure 59 - Velocity of shear weves in 308 ss weldment. After 
Kumerman and Reimann (181. 
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agation of shear waves will encounter impedance differences primarily due 

t o  velocity changes. The end result of this is an appreciable amount of 
mode conversion since the ultrasound will approach the dendritic structure 

w i t h  a polarization that is not parallel to either of the two preferred 
orientations. Because the surface at each crystallite is significantly 

13rge, the reflected components of the mode conversion can have relatively 
1,igh amplitudes. These reflected components are responsible for the high 
nv i se  levels observed during the interrogation of such materials. For the 
iasc  W ~ I E  - the polarization of the shear wave is in the horizontal or XY 

plane, there i s  no mode conversion,which should result in less attenuation 

and noise. This notion is shown in Figure 6 0 ,  (18) for a 45 
angle beam incident normal to the axis of a cylindrical reflector along the 

Y axis, The longitudinal wave results for the same entry angle is also 

s h o w n .  It is evident that the selection of proper polarization angle can 

substantially enhance the detecting ability of a shear wave interrogation. 
‘i‘hc influence of shear wave polarization in Figure 61, illustrates much the 

same results for a highly attenuating inconel pipe weld. (62) 

vious stainless steel work,there was no preferred orientation in the longi- 
tudinal direction. It was found that the difference in the attenuation 
because of polarization in the highly attenuating inconel material did not 

p e r s i s t  above approximately 3 MHz. 

0 shear wave 

A s  in the pre- 

The enhancement of detecting ability by the reduction of attenuation 

‘ 6 L ’ 7 0 5  71’and n~ise(~*’~~)has been studied by a number of investigators. 

Both  attenuation and noise are governed by grain size, the presence of a 
preferred texture, frequency,and the mode of ultrasound. Greater utilization 
is being made of the longitudinal mode for interrogation purposes. 

Attentuation may also be caused by thedegree of the transducer damping and 

rhr  type of data presentation used; see Figure 62. 

(69,741 

(75) 

have indicated a number of techniques that can (72) Ermolov and Pilin 

be used f o r  noise reduction. If one limits the extent of the interrogating 
beam in the vicinity of the detected flaw then less material is involved, 

thus there are less sites for noise generation. Limiting of the beam can 
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AMPLITUDE - TIME DISPLAYS 

POLARIZATION 
DIRECTION (R) 

PROPAGATION 
DIRECTION (C) 

..... *. . . ...... . . . ..::: ( T o  ::: . .>>: . L .: ; 

f 
C 

Figure 61 - Effect of shear wave polarization direction; propagation 
of the ultrasound is in the circumferential direction of 
an inconel/steel weld system. After Serabian (62). 

Amount of Damping 

Presentation Heavy Moderate Undamped 

R- F 1.88 0.8 --- 
Video 2.42 1.26 0.66 

Figure 62 - Attenuation (db/in) noted in a weldment at 5 MHz for a 
variety of data presentations and transducer damping. 
After Serabian (75). 
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be accomplished by e i t h e r  extending t h e  near  f i e l d  o r  by a focus ing  a c t i o n .  

The i n t e r r o g a t i o n  frequency should be s e l e c t e d  by experimental  means. 

methods of reduc ing  n o i s e  are based upon t h e  random n a t u r e  of no ise .  

b i l i s t i c - s t a t i s t i c a l  a n a l y s i s  techniques can s o r t  ou t  t h e  random s i g n a l s  

thereby  enhancing t h e  d e t e c t i n g  a b i l i t y .  

Other 

Proba- 

Another d i f f i c u l t y  produced by a columnar t e x t u r e  is t h e  gene ra t ion  of 

f a l s e  o r  spu r ious  i n d i c a t i o n s  of flaws. H. Yoneyama, e t  al . ,  (68) s tud ied  

t h e  propagat ion of u l t rasound i n  t ex tu red  s t a i n l e s s  steel weldments; t h e i r  

r e s u l t s  are shown i n  F igure  63. I n  F igu re  63, t h e  C-Scan d i s p l a y s  as noted 

by t h e  through t ransmiss ion  technique are shown. A 1  e lec t romagnet ic  t r ans-  

ducer  w a s  used t o  e l i m i n a t e  any d i f f i c u l t i e s  t h a t  may be presented  by the 

ang le  i n  t h e  r e s u l t i n g  p a r t i c l e  motion a t  t h e  p lane  of t h e  r e c e i v i n g  t r ans-  

ducer.  I n  F igure  63a, t h e  observed C-Scans i n  t he  base  material are ind ica t ed  

a t  t h e  specimen th i cknesses  generated by p rog res s ive ly  machining 5mm s l i c e s .  

The latter demonstrates  t h a t  t h e  d i r e c t i o n  of t h e  u l t rasound i n  t h e  base 

material is governed by t h e  ang le  of en t ry .  However, as shown i n  F igure  63b, 

t h e  u l t rasound i n  a weldment is d i v e r t e d  a long  t h e  major axes of t h e  columnar 

s t r u c t u r e .  The columnar s t r u c t u r e  is, i n  e f f e c t ,  a c t i n g  as a wave guide f o r  

t h e  u l t rasound.  

emanating from f laws along t h e  p ro j ec t ed  e n t r y  ang le  d i r e c t i o n .  G. Herberg, 

e t  a l . ,  (69) d e s c r i b e  f u t i l e  a t t empt s  t o  d e s t r u c t i v e l y  v e r i f y  t h e  e x i s t a n c e  

of such spu r ious  i n d i c a t i o n s .  F igure  63c d i s p l a y s  t h e  C-Scan p r e s e n t a t i o n s  

f o r  t h e  case where u l t r a s o n i c  propagat ion is  confined i n  a specimen t h a t  i s  

t o t a l l y  weldment material. Again, i t  can be observed t h a t  t h e  pa th  of t h e  

u l t rasound is  along t h e  columnar s t r u c t u r e  and not  i n  t h e  d i r e c t i o n  of t he  

e n t r y  angle .  

The ensuing back r e f l e c t i o n s  would be observed as i n d i c a t i o n  
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Figure 63 - Angle beam propagation within a 
xeld system as indicated by through t rans-  
mission scans a t  5 mm sl ices.  In (a) t h e  
resu l t s  show tha t  the  path of  the  u l t r a -  
sound within the  base material i s  governed 
by the angle of the  bem.  In (b) and (c) 
the path is diverted along the major ax is  
oC the  .'enr!ritic s t ructure  en3 i s  respon- 
s ib le  fo r  spurious indications.  After 
Yonevama e t  a1 (681. 
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